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A device for validating the equipment used for check- 
ing out the C-band equipment on a spacecraft prior to 
flight. The device simulates the C-band equipment on the 
spacecraft. Hence, when the checkout equipment is con- 
nected to the device, it can be determined whether or not 
the checkout equipment is in proper working condition. 
Also the device provides means for making VSWR and 
attenuation measurements. 

FIGS. 1 and 2 are drawings used to describe the pur- 
pose of the invention; and 

FIG. 3 is a block diagram of the preferred embodi- 
ment of the invention. 

In describing the preferred embodiment of the inven- 
tion illustrated in the drawings, specific terminology will 
be resorted to for the sake of clarity. However, it is not 
intended to be limited to the specific terms so selected, 
and it is to be understood that each specific term includes 

7 Claims 10 all technical equivalents which operate in a similar man- 
ner to accomplish a similar purpose. 

Referring now to FIG. 1, there is shown a block dia- 
gram of a setup for checking out the C-band equipment 
on a spacecraft while it is on its launch pad. The number 

15 11 designates the spacecraft and the block 12 represents 
the C-band equipment located on the spacecraft. The C- 
band equipment 12 is connected to an antenna 13 located 
inside the spacecraft for transmitting and receiving. Lo- 
cated outside the spacecraft and in close proximity to 

20 antenna 13 is an antenna 1 4  which is coupled to antenna 
13. Antenna 14 is connected through transmission lines 
5 to a directional antenna 16. This antenna transmits 

and receives signals from a directional antenna 17 which 
is connected to a transmitter and receiver 18. Transmis- 

25 sion lines 15, antenna 14, and directional antenna 16 are 
The invention described herein was made by an em- all located in the general vicinity of the spacecraft 11, 

PloYee of the United States Government and may be and transmitter and receiver 18 
manufactured and used by or for the Government for 17 are located remote to spacecr 
governmental purposes without the Payment of any To check out the C-band e royalties thereon or therefor. 30 modulated at a frequency in the C-band by transmitter 

The invention relates generally to equipment for check- 18 and then applied to directional antenna 17. These c- 
ing out a spacecraft prior to flight, and more specifically band signals are emanated into space and picked up by concerns a device for checking out launch pad parasitic directional antema 16. These signals are then applied 
antennas and transmission lines. through transmission lines 15 to antenna 14. The signals After a spacecraft is placed on its h n c h  Pad and Prior 35 emanated by antenna 14 are picked up by antenna 13 and 
to launch, all of its equipment is thoroughly checked applied to the C-band equipment 12. Upon the reception 
out to insure that it is operating properly. Tb Check out of signals at the first frequency, the C-band equipment 
the equipment on the spacecraft, equipment outside the 12 generates signals at a second frequency in the C-band. 

signals are applied back through spacecraft such as parasitic antennas, transmission lines, These SecOn 
and radar is required. It is obvious that this equipment 40 13, transmission lines 15, antenna 

ver 18. The signals received by located outside the spacecraft has to be validated by 16, antenna 
checking it out to make sure that it is functioning Prop- receiver 18 are indicative of the operation of C-band 
erly before it is used to check out the equipment on the equipment 12. If no signals are received by receiver 18, 
spacecraft. It is the Purpose Of this invention to provide then obvio~sly the C-band equipment $2 is not operating 
a device for validating the checkout equipment located 45 properly, or if the signals received by receiver 18 are 
outside the spacecraft. The preferred embodiment of the distorted, there is a malfunction of the C-band equip- 
invention is a device for validating C-band &eckout ment 12. If the signals received by receiver 18 are the 
equipment; however, it is to be understood that different ones that are expected, then antenna 13 and C-band 
band devices could be built without departing from this equipment 12 are functioning properly. 
invention. In checking out the C-band equipment by the means 

In the past, the C-band launch pad Parasitic antennas shown in FIG. 1, it is assumed that all antennas, trans- 
and transmission lines have been validated with eight mission lines, and other equipment located outside the 
individual pieces of equipment. This equipment is ex- spacecraft is in proper operating condition. However, 
pensive and weighs approximately 400 pounds. Hence, this assumption cannot be made until the equipment has 
it is difficult to transport this equipment from one ~ocation 55 been checked out to assure that it is operating properly. 
to another. It is, therefore, the Primary object of this Consequently, prior to the time that spacecraft PI is put 
invention to provide an inexpensive, portable device for on its launch pad, an antenna 20 and a C-band equip- 
validating the C-band launch pad antennas and transmis- ment simulator 19 are substituted for antenna 13 and C- 
sion lines used to check out a spacecraft. band equipment 12 as shown in FIG. 2. Antenna 20 is 

Another object of this invention is to provide a device 60 made as nearly identical to ant 13 as possible and 
that simulates the C-band equipment on a spacecraft for the C-band equipment sirnulato simulates the func- 
the purpose of validating the C-band launch pad antennas tions of &e C-band equipment 12. In FIG. 2, the tests 

are run the same as they are in FIG. 1. Hence, when and transmission lines. 
A further object of this invention is to provide a device signals are transmitted by transmitter through the 

Still another object of this invention is to provide a 18. If the signals received are the ones expected for a 
Operating it is then 

equipment located outside of the spacec 
Other objects and advantages of the device which con- 7o operating condition. The present invention is the C-band 

equipment simulator 19 which, in addition to simulating 
C-band equipment 12, performs other useful functions in 

@T 

80 

that will quickly and the vswR Of 65 system, they are reflected back and received by receiver launch pad antennas and transmission lines. 

device that will quickly and accurately measure the at- 
tenuation of launch pad transmission lines. 

stitutes this invention will become apparent hereinafter 
and in the drawings in which: 
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checking out the equipment located outside the space- cluding transmission 15 and antennas 1’6, 17, and 14 are 
craft. in good working condition. Meter 48 gives an indication 

Turning now to the preferred embodiment of the in- as to whether or not pulses are being received by the 
vention selected for illustration in FIG. 3, the number 31 simulator. 
designates a terminal board having terminals 32 through A range radar is usually used as transmitter and receiver 
38. Terminals 32 and 33 are connected together and to 18. However, at times a range radar is not available. In 
a 5690 mc. preselector diplexer 39. This diplexer is an those instances when a range radar is not available. C- 
RF filter tuned to a center frequency of 56901 mc. The out- band equipment simulator 19 can be operated auto- 
put from diplexer 39 is mixed with a 5640 mc. signal from matically without receiving signals from transmitter 18. 
a local oscillator 40 in a mixer 41. The resulting 50 mc. In this automatic mode of operation, switch 49 is 
difference signal at the output of mixer 41 is amplified by switched to its 5765 mc. position as shown, switch 57 is 
a four-stage IF amplifier 42. This amplified signal is ap- switched to its “On” position, a jumper is used to connect 
plied to a diode detector 43 where the pulses are detected terminal 38 to terminal 33, and a jumper is used to 

amplified by a pulse amplifier 44 and a pulse connect terminal 32 to terminal 34. The frequency of 
The amplified pulses from driver 45 are shaped 15 generator 56 is adjusted until meter 48 reads 1,000 pulses 

ed as triggers to modulator 47. An ammeter 48 per second. These pulses are modulated at 5765 mc. by 
calibrated to indicate frequency is connected between modulator 47 and magnetron 51, and then applied 
shaper 46 and modulator 47. Each time modulator 47 is directional coupler 54 and terminals 38, 33, 32, 
triggered by a pulse from the pulse shaper, it applies a to antenna 20. The signals emitted by antenna 
.7 of a microsecond pulse of high negative voltage through 20 picked up by antenna 14 and pass through transmission 
a switch 49 to either a 5690 mc. magnetron 50 or a 5765 lines 15, antennas $6 and 17 to a suitable receiver 18. 
mc. magnetron 51. The modulated output of magnetron Hence, in the automatic mode of operating the equipment 
50 is applied through a directional coupler 52 to a dummy located outside the spacecraft 11 in FIG. 1 can be checked 
load 53 and to terminal 36. The modulated output of out in the setup in FIG. 2 without the use of a trans- 
magnetron 51 is applied through a directional coupler 54 25 mitter 18. 
to a ferrite oscillator 55 and to terminal 37. The output The device disclosed in FIG. 3 also provides means for 
of ferrite oscillator 54 is connected to terminal 38. A measuring the VSWR (voltage standing wave ratio) of 
PRF generator 56 which has an output frequency that transmission lines 15 and antenna 16 for either 5675 mc. 
can be varied from 600 to 2,000 pulses per second is or 5690 mc. These measurements are required to validate 
applied to the input of driver 45. Generator 56 is con- 30 the checkout system. To measure the VSWR at 5690 mc., 
nected to its power supply 58 by a switch 57. Antenna 14 switch 49 is switched to its 5690 mc. position, switch 57 
is attached to terminal board 31 and connected to terrni- is switched “On,” generator 56 is adjusted until meter 
nal 35. Antenna 21 is attached to the opposite side of 48 reads 1,000 pulses per second, a jumper is used to con- 
terminal board 31 in close proximity with antenna 14 nect terminal 36 to terminal 60 and transmission lines 
and is connected to terminal 32. A slotted line 59 with 35 15 are connected to terminal 61. The cable from a probe 
terminals 60 and 61 is attached to terminal board 31. detector is connected to a VSWR meter and the VSWR 

In the mode of operation of this invention, as de- measurements are made. To make the 5765 VSWR 
scribed in FIG. 2, switch 49 is switched to its 5765 mc. measurements, switch 49 is switched to its 5765 mc. posi- 
position as shown and switch 57 is switched to its “Off tion and the jumper is used to connect terminal 37 to 
position as shown. Terminals 33 and 38 are connected 40 terminal 60. 
together by a jumper, and terminals 32 and 34 are con- Attenuation measurements are also required of the de- 
nected together by a jumper. Transmitter 18 produces a vice in FIG. 3. For attenuation measurements at 5690 mc., 
5690 mc. signal which is emitted by antenna 17 and picked switch 49 is switched to its 5690 mc. position, switch 57 
up by antenna 17. This signal is applied through trans- is switched “On,” the output of generator 56 is adjusted 
mission lines lL5 to antenna 14  where it is emitted and 45 that meter 48 reads 1,000 pulses per second, terminal 
then picked up by antenna 20. The signal picked UP by 36 is connected to a thermistor (not shown), and the 
antenna 20 is applied through terminals 34 and 32 to pre- cable from the thermistor is connected to a power meter 
selector diplexer 39. The output of diplexer 39 is mixed which makes the attenuation measurements. To measure 
with the signal from oscillator 40 by mixer 41 to produce attenuation at 576.5 mc., switch 49 is switched to its 5765 
.a 50 mc. difference signal. This difference signal is 5o mc. position and terminal 37, instead of terminal 36, is 
applied through four-stage IF amplifier 42 to a diode connected to the thermistor. 
[detector 43. The pulses in the signal are detected by de- The invention has another mode of operation which 
ttector 43 and then amplified by pulse amplifier 44 and is called the survey mode. This mode is used for the 
ipulse driver 45. The pulses are then shaped by pulse purpose of the selection of a location for antenna or an- 
shaper 46 and applied to modulator 47. Each time modu- 55 tennas 16. In this mode of operation, terminal 38 is con- 
’lator 47 is triggered by a pulse from the shaper, the modu- nected to an antenna (not shown) mounted on top of the 
ilator applies a .7 of a microsecond puke of high negative housing for this invention. m e  antenna can be rotated in 
\voltage to the 5765 magnetron 5 1  Causing it to Produce both azimuth and elevation. The invention is then carried 
a burst of RF energy at a frequency of 5765 mc. The sig- to different locations with generator 56 turned “On.” When 
nals produced at the output Of magnetron 51 are trans- 60 receiver 18 receives a maximum amplitude signal, then 
mitted through directional coupler 54 and ferrite isolator it is known that that location is a good location for an 
55 to terminal 38. These signals then pass through ter- 
minals 33, 32, and 34 to antenna 2o where they a r ~  antenna 6. The azimuth and the elevation can be 
emitted and then picked up by antenna 14. The signals to determine the azimuth and elevation setting for an- 
icked up by antenna 14 pass through transmission lines 65 tenna 
5, antennas 16 and 17, to receiver 18. H ~ ~ ~ ~ ,  it can be The advantages of the device that constitutes this in- 

Seen that pulses are modulated and transmitted from vention are numerous. It is a compact, light, inexpensive 
a frequency of 5690 mc, through an- device for validating the equipment used for checking out 
transmission lines 15, antennas 14 and the C-band equipment on a spacecraft prior to Eght. It 

ipment simulator 19. The pulses are de- ,o provides means for answering interrogations sent out by 
tected in the simulator, remodulated at 5765 mc. and a transmitter at a remote location. It provides means for 
transmitted back to receiver 18. The pulses received by automatically sending signals to a receiver at the remote 
transmitter 18 are compared with the pulses transmitted location and it provides means for easily making neces- 

8. If there is no distortion in the re- sary VSWR and attenuation measurements of launch pad 
ceived pdses, then it is known that the equipment in- 75 antennas and transmission lines. 
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It is to be understood that the form of the invention 
herewith shown and described is to be taken as a pre- 
ferred embodiment. Various changes may be made in 
the shape, size, and arrangement of parts. For example, 
equivalent elements may be substituted for those illus- 
trated and described herein, parts may be reversed, and 
certain features of the invention may be utilized inde- 
pendently of the use of other features, all without de- 
parting from the spirit or scope of the invention defined 
in the subjoined claims. The different components shown 
as blocks in FIG. 3 are all well-known components and, 
therefore, are not disclosed in detail in this specification. 
Equivalent components could be substituted for each of 
these components without departing from the invention. 

What is claimed is: 
1. A device for validating the operability of equip- 

(A) an antenna for communicating with said equip- 
ment; 

((B) a detecting means connected to said antenna for 
detecting a first signal at a high frequency being 
transmitted by said equipment and converting said 
first signal to a second signal at an intermediate fre- 
quency; wherein said detecting means includes : 

(1) a preselector diplexer connected to said an- 

(2) a mixer connected to said preselector di- 

(3) an oscillator connected to said mixer; 
(4) a four-stage IF amplifier connected to said 

(5) a diode detector connected to said four-stage 

(C) an amplifying and shaping means connected to 
said detecting means for amplifying and shaping 
said second signal; 

(D) a modulating means connected to said amplifying 
and shaping means for modulating said second 
signal; 

(E) a transmitting means connected to said modulat- 
ing means for receiving said modulated second sig- 
nal and triggering a third signal for transmission 
through said antenna to said equipment; 

2. A device for validating the operability of equip- 
ment used to check out a spacecraft comprising: 

(A) an antenna for communicating with said equip- 
ment; 

(B)  a detecting means connected to said antenna for 
detecting a first signal at a high frequency being 
transmitted by said equipment and converting said 
first signal to a second signal at an intermediate 
frequency; 

( C )  an amplifying and shaping means connected to 
said detecting means for amplifying and shaping 
said second signal; wherein said amplifying and 
shaping means includes: 

(1) a pulse amplifier connected to said detecting 

(2) a pulse driver connected to said pulse ampli- 

(3)a pulse shaper connected to said pulse driver; 
(D) a modulating means connected to said amplify- 

ing and shaping means for modulating said second 
signal; 

(E) a transmitting means connected to said modulating 
means for receiving said modulated second signal 
and triggering a third signal for transmission 
through said antenna to said equipment. 

3. A device as defined in claim 2 further including: 
(A) a variable frequency generator connected to said 

pulse driver; 
(B)  a power supply for said variable frequency gen- 

erator; and 
(C) a switch for connecting said power supply to said 

variable frequency generator when said detecting 

ment used to check out a spacecraft comprising: 

tenna; 

plexer ; 

mixer; and 

IF amplifier. 

means; 

fier; and 

means does not detect said first signal from said 
equipment. 

4. A device for validating the operability of equip- 

- (A) an antenna for communicating with said equip- 
ment; 

(B)  a detecting means connected to said antenna for 
detecting a first signal at a high frequency being 
transmitted by said equipment and converting said 
first signal to a second signal at an intermediate 
frequency; 

(C) an amplifying and shaping means connected to 
said detecting means for amplifying and shaping 
said second signal; 

(D) a modulating means connected to said amplify- 
ing and shaping means for modulating said second 
signal; 

(E) a transmitting means connected to said modulat- 
ing means for receiving said modulated second sig- 
nal and triggering a third signal for transmission 
through said antenna to said equipment; 

(F) means for selective connection to said modulat- 
ing means to make VSWR measurements of said 
equipment. 

5. A device as defined in claim 4 wherein said means 
for making VSWR measurements of said equipment in- 
cludes : 

(A) a magnetron at a preset frequency; 
(B) a switch for connecting said magnetron to said 

( C )  a directional coupler connected to said magnetron; 

,(D) means connecting said directional coupler to said 

6.  A device for validating the operability of equip- 

(A) an antenna for communicating with said equip- 
ment; 

(B) a detecting means connected to said antenna for 
detecting a first signal at a high frequency being 
transmitted by said equipment and converting said 
first signal to a second signal at an intermediate fre- 
quency; 

(C) an amplifying and shaping means connected to  
said detecting means for amplifying and shaping 
said second signal; 

(D) a modulating means connected to said amplify- 
ing and shaping means for modulating said second 
signal; 

(E) a transmitting means connected to said modulat- 
ing means for receiving said modulated second sig- 
nal and triggering a third signal for transmission 
through said antenna to said equipment; wherein 
said transmitting means includes: 

( I )  a magnetron at a preset frequency connected 

(2) a directional coupler connected to said mag- 

(3)  a ferrite isolator connected to said direc- 

((4) means for connecting said ferrite isolator to 

7. A device as defined in claim 6 further including a 
detector probe Connected to said directional coupler for 

65 making VSWR and attenuation measurements of said 
equipment. 

ment used to check out a spacecraft comprising: 

I f )  

15 
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25 

30 modulating means; 

and 

antenna. 
35 

ment used to check out a spacecraft comprising: 

40 
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5o 

5.5 
to said modulating means; 

netron; 

60 tional coupler; and 

said antenna. 
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